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The LA.ser-Stabilized Imaging  Interferometer (LAW concept k being developed  as a candidate for the next
generation of optical resolution beyond HubtSe $pace  Telescope (HSII W ewential  ingredients are: a rigid
and stable sbwture  to miniti  rnechanid  and thermal distortion, active control Of the optiml geometry by a
laser metrology syfitem,  a siAf-depkyin&  structure fitting into a shgle launch vehicle, and uItraviokt
operation. We have modified earlier design concepts to fit the scale of an intwmdiate sized NASA mission.

Our present design calls for 240.5 m aperturm arranged  in a Milk Crow configuration ml suppxted  on four
trusses {0-8 wide and  7.5 meters long). A fifth truss of similar d.imensiorw,  perperdhkr  to the prlrnary surface,
would  function as a mast to support the secondary mirror and the laser melwkgy control points. Either
separate interkrumeters  or two guide telmccqxs  would back guide stars,  This irwirwnent  would have about 6
timw the resolution of I-ET in tlw visible and. the same collecting ma. The resolution would reach 2.5 mas at
KOnm

The structure ecudd be light, but sufficiently rigid to reduce the distortions caused by on-board dish%anm to
low levels. Mater@Is such as carbon-carbon would  be used to decrease thermal drifts, so that c@’ k)w
frquency control loops would be needed. 1% interferometer arms would fold along the mast for launch, and
then autmnatic.ally  unfold awl lock into place on cwbit. Possible orbits are sun-syntionous at 9(XI km altitude,
high earth orbit  or dar orbit. Infrared capability could be includwl,  if desired.
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1. IAmd@kM’t

Our advancing Iuwwlr+y of tk UniVeme ie comtwttiy demandirqj  h@w-rmoMon  kg-. The past decade
has seen resolution odvanam in space-ba9ed  telescopes, in adaptive optics systmns rm the $muml, particukdy
in the IR, and in gxwtind-bmed  interferometers for aatronwtry. By the tinw that LA!W is likely  to fly, one
might expect imaging interferometer ra operding  in the IR on the ground, with laaer guide stars for phasing  each
aperture. Such instrument will always have b combat  three c$mlkng-  the manifold complexities of imaging
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interferometry  with many apertures subjwted  to tcrmtrial  dishwbanw  (e.g. vibration, air density
fluctuations, point@  in a 1 g @’N’iRN’UHN),  the amplitude and bdr’d width of the wavdront  noise caused by
abnosphmic tur?mlencc,  and the transmission of the atmosphere. ‘There are strategies for dealing with all but
the last of these  problems, but the problem of co-phasing all of the apertures malw for a steeply accelerating
technical burden as the wavelength approaches the visible.

A cpacebom~  in~tinwnt h free of tho turbulence and tra..mmission  problems, and the effect of disturbances can be
reduced so that  the active cantml  syskms  need only have very modest  bandwidth and dynamic range. ‘he net
wsult  i~ that space telescopes can generally we to much fainter magnitudes and @ much shorter wavelengths.
Our goal ia to provide six * the =nlving  power of HST in an Intermediate class miseiom To this end, we
have developed a concept for a spadmne  telescope having a 3% filled primary composed of actively
positioned w&aperturf.36. ‘i’he opti= axe mounted on a stiff, stable.  liihtwight  structure, and every effort is
made to reduce dishAmce6.

1.2 Reltitd  Wor k

Missions of this type were ex~mined  in a FL Btudy2~3 directed by !% P. Synnott, which started in 19$7. The
stud y explmed  diffcrtmt  approaches to irrqjng interferwwtry  in *pace in enough detail to identify the ar=s
of technology development whtie  subtdmttkd work wtw needed for future raisaic~n ~tiidi=.

h order to be spfic, the rmdts  of the study were focm+ixt  on rI particular interferometer design concept, called
the Pilled-Arm Fireriu Teleszu~ OTT). The FFT had a di~meter  of 25-30 m and a Mills Crow geometry. Light
from the very fast, partially filled primary WMJ reflected from * semmdary  and additional rnirrorfi  to give an
image with a long cfkctive focal lenqh. In this desi~ the possibilities of avcdding the u% of a l-r
metrology system to rnatitah  the instrument ahpent  and of p>kb~ the tekcope  uskg an off-axig guMe
star observed through Lhe same main optics were  investigated.

Independently, a very brief studfl looked at pwibl~ appoaches  which  made use of laser stabiliiitibn  of the
optical q%tem and guidir q through E&p mate optic-s.  A reccmsidcration of that work in view of the JPL study
results led to the adoption  of a number of ftatures of tlw JPL approach, including the Mills  Cross geometqi
The design for LAN1 discussed in this paper is the re9tlJt of these previous studies plus a brief additim’ud  study
at II%,

2+ !mienee

New discoveries in asbortomy often resdt from @i@cant  increases in angutar  resolution. W images from the
refurbished Hubble  $pam Tekwmpe are revealin new objects and new structures that  challenge our physical

Lunderstanding. The post<OSTAR Faint  Object  “ ra OTIC) on the 2.4 m H5T has reached diffraction limit
at a waw?length  of 466 tulhc ftamel  y 43 tnilk9tw?c (mas). W% have studied  a s:MI1 her Stabilimd  Imaging
Interferometer (LASH) that will achieve a resolution of 7 mm in the visible, 6 times better  than the FUC, and
will aim for an even larger relative itrtprowmwnt to 25 mas at 150 nm. Many scientific problems can be
addressed with LASIL and we expect significant advances in astrophysics to result from this substantial
increase in resolution.

For over a decade imaging  interferometry  has been frequently cited as the next  logical step to achieve higher
$Patial resolution to succtwcl the accomplishments of WT. lt is a challenging concept but nne that lends itself to
a rnidsim MASA mission. A number of ideas comxrnbg optical imaging rnterfemrrieky  in space were pree.ented
at F&3 and AAS workshops 7J8 in 1984. in 1986, the Ad Hoc Working Group on High-Rewlution  Yxnaging
Interfmmwtry  in Space examined tk various scientific opporhmities  for imaging interferornetry  in space, arid
recornmvndecig  the cowtruc:tion mid flight of an “intermediate ima~ng  inter ferometer.” Thi~ WM. defined to
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hWe an angular lwolution “at least ORC cder of nw@t-ude  ~oater” thm that of H.ST. Further workshops
were organlzd  by ESA*O in 39B7 and hW?A’s Astrmch  21 pmgrmd$il b 1990.

In 1991, the report of the Interferorneiq  Panel of the NRC ~tr~~my and Astrophysics Survey CommittW
(“t~ ~c~ RepuY’)  rwo~zed  that “despite *e promise of inkrf=ometry  carried  out from ~,e ground, the
ultimate power of this techntque  vdlI prnbably bc fully reah.z!d only with ~ oyetem operating in space, where
no knits  to the cuhcrertcw  size, angk, or tine arc irnpused  by *c temt~l ~tiosphwe~lz  ~k;ng ahp~d to
the new initiatives for the next decade, tlw mc~ RWUt =doe fi~ RCtiO~ tO “~pp~ pl~ng and d-i~
of an advanced interferometer to be twllt  in the mm decade,” In 1992 ESJ4 sponsored 6 thud workshop,13 and
the present confexk?tlce setk.% began in 1993. Ridgwa  y~ 4 reviewed the scientific justification for a space
i.nterferometry  mission in that )atler meeting.

in view of the emphasis  cm “smdkw, quicker, ch@a@’  xnk.icms, it E cieslrable  and possibl~ for LAMI to obtain
an angukr rWohItion  in the vitible ii factor  6 greater than presmdy schlcvm! with the poEt-OXTAR  F(X.
The goal is a resdutirm of 2 mas at 12CI run wavelength, 25 mm at 1S0 run wavelength, and 5 mm at 900 rum The
main emphasis will & on UV observations, ahwgh visible imaging wtfl also be Impxtant+  An IR irruq+ng
capability out to roughly 6 v could be includti if desired, aIthough some  compromise in the choice of mirror
coatings would be needed. The magnitide Ii.mit for poird sources is V = 2.5 in the vlslble  (500 nm) and 24 in the
W (at 150 rim), based cm a WN of 5 in a total observing time of 2DO0s,  In dtixmsstng the science which can be
done with LAW, we will assume that three %oksw are obw”ned  for ea~ source, with the interferometer
rotated by angles of 0, 30, and 64)* about its axis in order to improve the WV-plane cmwrage.  The Fourier
transforms of the ima~m will be cleaned to reduce the noise and artifacts, and then optimally cornhlned. The
expeckd high quality  of the image is shown in ~ 3.2. The various types of sources for which LASXI observattofis
would be particularly valuable are discussed below. Figmv 1 shows the angular siix of a nurntwr of these objects
a~ a function of dis@ce based cm the S/N of 5 in a 2,0(0s integration,
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Figure 1. Apparent angdat’ size of a variety of Qbjc%ls as a function of distance. ‘Ihc angular  rescdution  of &e

WFK2 (160 run),F(X2050 run), and M.SU (130 nm) we marlwti by ~~w hti?onm~  ~n= The positions  Of k%
clusters, and galaxies as imqyd in the ultraviolet are denoted by open  triangles. A few candidates for imaging

steliar su’face$, chrornospheres  and coronas in single  stars and Dinmtes  are marked by open circles.



‘. “MfiY-!9-95FRi  18:13 FfiXNOt 3034925235 P, 06

~ewiex}tificad~’anti~sof  imaging  mtrnnornfcal  targ@ts  inkultiavio]?t  {115-3W nm)re@on  of tie
spectrum are manjz

* A wide range of plasma  temperikum can be sampkd, from ultraviolet tnmiticms in CC) or H U formed in
the couhwt material,  to the highest temperatures of 2- 3xl@  K mprewafed by drong resonance
transitions of C IV and N V. lJnder collisional  ionization equilibrium, the presence of an km speck
directly  si@s the? ehxtrcm  temperature in the plasma. IMremely  varied physical conditiom arc
accossibk through ultraviolet measurements

o Utraviolst  irnagin$  &minates  {or greatly rakes} the confusion and badcgrotmd  in the opticd spectral
region. Particulwly  outstanding examples noted later include the appearance of hot ultraviolet sowces
in @owdod  ficddc  such as globular clustw con% M galaxk%,

● A vat variety of targets, from  planets and satellites  in oiw’ solar systerm  to stars and stelkr systems, to
clusterc and galaxias  emit profuwly  in the ultravinlef  speetral region, so that broad application uf
ultraviokt imaging exists across  many ddiseiplirwa of as+hmomy  and astrophysics.

● Explcwation of the ultraviolet images  and spectra f+orn the post-CtWTAR  HST can aid in targd selecticm

The most important advantage of W imaging, however, is the higher resolution  w~ch can be achieved for a
given aperture size. If tke use of laser metrology for active contro~  of rrdrror displacements and tilts plus the
minimization of disturbance  sources is indeed able to achiev~ a quiet optical system  at relatively low ccmt {see
below), even in the WV, then the mi~sh  ~st Wi w detennhwd mom by tie Sk of ~ ~~ S~~IV than
by any other factor. For sources  which can be c&m-vect  at any of a wide range of wav&n@h$, such as energetic
Jets, cibservaticm  in tk W thus would bc the most economical approach.

The irmiging and resultant rnorphdogica]  clawificaticm  of high redshift gakwtes  will be powible  with LASIt.
The early results from the refurbished HST give evidence of mergers imd interaciicm that affect tho
population of galaties  in clusters. However with diffraction limited resolution of 70 mm at 700 nm furnished
by WFPC2,  the ftrsl images pint up the need for even lighcr rwoMion}5  LAW will prov+.le  8 rmw  mmlution
with 4?( cwersarnpling.  hnagtng  of galaxies in the ultraviolet will &30 reveal new rwmporkent~ of the stellar
population. Ah HST[FLX (prIXX?3TAR)  tnmge of the center of hf31, using a filter centcrtd  on 175 n- dmwed
more than 1 W individual brfght objeets  which are believed to be post-AGB Am. %rie objects appear slightly
extended, which could l’wwlt from a surrounding planetary nebula. lJI & optical, pest-CC6TAR images of
putative companions to a 2=2 quwi+r revealed twice the ntunber of fatnt  ob;x found previously.ls

.4 major target of LAW is the imaging of active galmtic  nuclel to examine the physical structure uf the narrow
!ine region. Typical sizes are 100 pc to 1 kpc, which for the closest S@krt  gaiaxia OWL 41S1 and NGC 10M)
give angular sizes of 1003  rnas and are acmmible to HST. Dne of the ftrst  refurbk$hed  HST/FOC images of the
n~ow  line region of NGC 1063 shows an extremely cornpkx  Wwtutw ccmtainfng  bright ftlarnws  and patches
intermingkd with dark lanes+l 6 LASll WI rosily resolve more distard AGN sources. NTarrow line regions in
objects as distant as 1(M Mpc should  be resolved and imaged.  Thus substantial information on the gas flow
patterns around AGNs will be obtainable.

It is worth noting that the post-COSTAR RX images  of the nuclear region  of the Seyfert galaxy NGC 1068
rcvcalecl  N point sources  where only one had ken found in the pre-COSTA.R image.~ 6 We expect a greater
increase in the number of SCWrOW detected with LASII images,

(%servation~  with LAW are expected to extmd the search for massive black hole relics in galactic nuclei from
ww-tier quasar or A(2N phmws to larger distances. Recent ckmvaticms in galaxies such as MN and M87 give
strong midence  for central massive black holes. The WFP(22 namowbancl  & and [N 11] images give direct
evidenm for a wnall  disk ~f ionimxl  gas with apparent spiral structure  surrounding the nucleus of M87.  Ford at
all 7 have identified this structure as a disk mnmundingi  a black hole. A !& MO hcde should produce a Youghly
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15 pc kNtlit’K)Sity  cusp in the gakicik center,, hagable  mrt to 200 ?vfpc.  The cusp rind wmcmndin~  sbw have
enough swfaw brightne$$  to be detect$bh? wIt.h 1(XI  nm bandwidth. It may alWJ k pu~ibk  to detemtirw  some
information cm the velocity dispersion as a functkm  of radkm

The phy%ictd COtUtKtiOn between flw broad line region  and the matcrhd contained in the rxmthermal  jets i%
another puzzle of AGN~. LAW wiIl be able to nxolve the sxnxture of the Jets, and ubjccta  similar to k
braided jets in sources such.  as NGC 4258, About 100 mas remlutton at 220 run was achieved with the pm
COSTAR RX cm HS’lm in an image of the jet emerging from the w%ve galactic nuckw of M87. l’k fikunenta.ry
patterns of the gas in the jet are %!?vealw.i,  as is the over’a.lt  complex structure remtntscent  of the 2 cm map made
at the VLA.

High resolution imaging of a muh.iple  component gravitational lens allows  LASH to captttdlze  on the
ma~fication of a lcwsed quasar.  This extra ldimwwimal  rnagnit%atiofi  ik typically  on the order of 50. Tln.w
the efftwtive  resolution on the quasar itself k apprmktatd  FWHM/(50  X 41 where the 4 accounts for
identification of features cm & scale less than tiw point spread &netion. When the FWHM equals 2,5 ma$, the
resolution at the quasar  would be 12 ).uts, For a qwmr  d z=2.73,  this corresponds to a spatial scale  of 1,5X10*7
cm which is about 10 times smaller than the broad line reg;on in 3C2731ikc  objects. ‘I%uB LASII should be able
to rwrdve  th~ broad line re@n of quasars. (hvitatkmal  lens systems to be observed would  include the
Ckwerkd (H1413+1Y7),  the Einstein  Cross (Q2237+&t05),  and UM 673, An image of a Iensed quasar in the core
of a narrow line should show visible  extent, and an image in the broader parts of the line has a good chance  of
dunving visible &tent. LAW could atso search for rnillilemsing  systerm with separation of 1 to 100 mas due to
lensing by masses of 1 ~ to I@ Ma, VW] techniques are being applied at radio frequencies to search for such
systems; LA$JI could ext.rd this through the optical regkm.

GIolwlar  ctumem  make at&activa  targets for ulf.ravhkt  imaging.  Star densitiw near their  cores are higher by
104 m compared to tho solar neighbrhrmd;  miltiarcsea-md  wso?ution  is required to separate  stellar km es at

Jthe di~tance 01 M31,  for irwtanc~. The MS of objects inhab~.ting  clusters, and in particular the centr  core
mtkt both stehr evolution and tlw clymrnieal  evolution of the dwter, Ultraviolet imaging can contribute
uniquely in defining the contents of globular  clusters  because ultraviolet emissiorm  are sensitive to the hot
stcliar  component (horizontal branch stars and white dwarfs) while  eliminating contamination from the
vi sibk. Knowledge of the ultraviolet radiation field produced by the globular  clusters is necessary to
understand the icmizaticm  of our galactic  halo, and may also relate  to the puzzling ultraviolet upturn  found in
elliptical galaxic$c

The dramatic difference between dor magnitude diqyamc  in the visible  and ultraviolet shows the
domination  of df.ffewrd typei  of sw in the two wavelength regions. ~travicJet imag= of the globuiw cluster
to Centaurt  were obtafned with the Ultraviolet fmaging TeleacoP (UT) on the AS=O mission. The spatial
resolution of l.JfT eot-respomls  to 3 armec.  With the pmsband  centered at 162 n- and $ adar-btinci  defector, the
stellar content of evolved hot horizontal brmch stars and early poEt-AGB stars is cleuly visible. These
images  enabled additional ultrtwtolet-bright  stars to be disccweredi Much higher cpatial resolution (pint
spread function of -70 rnas lWHM for the F/% n-de  and of 160 mas FTW+h4  for the F/& mode) was ~btained
with the HST/FUC (pre~TAR) that hnafyd  the core of the I’M globular chrster 47 Tumnae. A high
density of blue strag@’  stars was ctismwered in wpprt of the idea that these objwta  am forrrwd by cnllisicrns
and coatewence  Lv t:w dense  core of the cluster. Cmfkrnaticm  of the dynmniwd  evolution of globular cluster
stars represent-s a fundamental chakngr both to the obsinmttions and our  theoretical understanding. Hardly
any of these blae titragglem  were found h dwp B and’? irnqys, indicating V fainter than the threohold of 16.5.
‘his result  underscores another unique contrlhution  of’ titravkkt  imaging. Uhmtitet  images  are showing an
otherwise unokwvable  stellar component of globular  cb.wte=.

WFPC2 observations of globular clustws skmw the central  regton to be fully rewlved  in NIX 6691.18 f=bwever
analysis of the images of M30 requires accurate modeling of hicmnpkteneas  as a futwtion  of $teilar density to
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derive raliahlo star cowfs near the center of the ch@et.]9  In such dense cores, the high anguktr resolution of
LASH will be required.

23 We—. llar I@@&

0bt&tin6  images of stellar surfaces and windc tith L NII wot.thi  establish a new area of stellar physics
research and addrew  many fw-idm-nental quastiom  about stellar sh vctmw and atmospheres.

For COCA smi, we eq-t tc~ find sdmtmtid  structures, d var@ng scale,  on @ SUfiaCS of other S~S. *verd
techniques rdready hint at the premme of etxucturee on tho surface  of troth single star% and stars in binary
systems. opticaI mmfacE  irrq+  recowtructhm  hw km achieved irs rapidly rotating  coot stars with the
surprising result that spots frcqucmtly ocw..ir at tk p&s..2~ Imagea of stars with differefit  efketive
tempemtums  and gravity can eatablbh  the preaenee and character of atmcwphmic  featwes. under extremes  of
physical ccmditimm Wt expett  ti-tc cotitwt of thew etmwtums to h much higher in tho W spectrai  region
than in the vitible, because  the pktwpher$c continuum is weak or alwent in the W. It shuuld be remwnbemd
that the UV emisskuw  ark from the chwmm+ms,  tram~tion  m#oxw, md cmoms of COOI stare. Thesa  regions
lie above the stelkar  photosphem, and in giant and mqxxgiant  stars can extend 2 or 3 ~tellar radii, making an
ultraviolet stellar ima~c  a jarger  target harr at visible vvavelehgtha.

Direct ultraviokt  imaging with he Pab’tr (ljec’t  Camera cm HST zevcwb a din-g jet in the mission line ef C III
(190-9 nm) near R Aqr, a Mrti ~.~ab~e which is a ~~mpnent of a SYTMOHC Mnay sys*en *ause Mira ia a
very cool star, its ultraviolet wmtinuurn  is missing or ~’eak, and die emisskms  firm the jet cm km isolated easit~
Apparently a continuous input of energy is requirtxi to maintain this jet, suggesting that W ionizing source has
a poww law distribution. The source  of this energy is unidentffkd

Disks around pre-rnain~~quence,  optically vislbie  T Tauri stars (the cl=s~cal ‘I’ Tauri  SWS) and the inner
regkms of jets associated with Fferbig Haro Objjtg also a peat’  to W good candidate far irmghtg with LAW.
For disks on the order of the sk- of the solar system (1 J-109 kr’ft), they could be easiiy  imaged out to fiearly
one kpc. For a nearby system at 1-W PC aqylar  resolu~.on  ~f 25 IWW gfvf$ a~~t Is ~~wlutf~n  ef@m~~  a~~ss th~
disk, The jets will certa.in.ly  be resolvable, but with rather  low surface brlghtw%w.  W imaging of such disks
and jets can define the velocity fields in these objjrt$,  find identify ti WtMW  of the m@OW ft’om hse objects
There am cw’mt  indications {hat the fast outfkw is not arisin$  from the poles of the stars themselves, but from
the equatorial regions or the surface of the sttrrouncktg  accretion disk. This matwial is collimated  above the
disk into a fast jet-like wind.

Lamers21  ha discussed  the infmnat~on  which can b obtained by imaging  kt stars in the W and visibk.
Early type supwgiants have extmded StPHM winds, with mass loss rates m tlw order of K)_7 to 1(%’ Mp/yr  and
wind velocities of 200 to 3CKKI  km/s. The W spectrum of these stars shows that  the winds are “superionized”:
I@r ionization species such as O VI and N V are observed  in the winds of stars with Teff 2 30,(YXP  IL

z ltoth features clearly indicate the presence of radiationMowowr,  most  of the hot stars are X-ray emitter%
driven shocks in fh~ winds, which produce a mixture of hot shocked gas (T-3xl@  K) and coo! gas (T~3xl@ K) in
the winds of h~t stars. The origin of these shocks and their spectral  distributkm is largely  unknown-

Using LASY.I to _ the winds of hot stirs in selected I-W lines wiil an%ver t-he foiimving  questions
~ tie  do the &oI.&s cu@@e ad how fast d~ they grow?
● What i6 the filling  factor of the hot WS and how is it distributed?
● Is the wimt spherically symnwtric  or can rotstiort produce  flattened winds?  (th? winds of Wolf-Wyet

stars show polarization which indicates non-sphtical winds).
● Are there rotationdependent  %truchwesn  in the winds? (m}’#eated bY the variability of the discrete

absmptiofi coefficienLd.

EKplosivc  cverds such w novae  ak wc of i.ntwwt. Thr~ or mom nov~ ~a rnagnitttdec Of ? + 3 appear t%tth
yvar. 7?ICW vviii ix prime mndidatw fur @udy with hi~ r-lutim bsk.mwnts  because they are so bright and
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they become  more resolvable as they expand. Producing a crude 3-bemn image  as early  as 10 daya  dtCI tht
explosion, LASJ1 could be med to study eqdoskm  asymmetry, detaikd  flow In the ejwta,  the formation of dust,
and abundance gradients with spectral resolutions much smaller than the 3 nm emtwkm line wldtk

Supernovae are much more distant and therefore not imagable  until same W years after a typical event 10 Mpc
away. [SN 1987A is, of course, a rmtabk excepticm.1  Light echoes of the maximum  ltght burst expand 30 times
faster, however, and are irnagable  as early as 1.5 year after the event, if the surface brightness and dynamic
range  are observable,

When LASII is used as a planetary camera,  the ~~uti~n at ~ n~ on tie s~fa~e of Vati~~ls  ta%e~ is ~
fol(ow~ Mars -2 km asteroids -7 km; lkpiter  -15 km; Saturn -30 km; Neptune* 1(X) km; and Pluto -125 km.
Blurring due to planetary rotation of atmospheric motions is not a pmblcfi  sine the exposure times needed  to
reach 100:1 @nal-to-noise  ratio am shorter than the estimated  bhmhg times, Long term monitoring of
atmospheric flows, volcatim,  etc..  would bc rwssible, in addition to ~ages of pluto and as~~oids 2~0
recolukion  elemetlts  across. The Voyager resdutkm for Jupiter  w~~ abut d~ ~@ as tit of LA$~’

3. In.simmat

The chwign of the LA$I1 instrument is driven by thret Wals: a resolutim  at kml 6 times that of HST, a
eollwting  ar~ Awut M@ to FIST and a useful wavelength range from 11.5-7U0  rum The instrument is an
imaging interferometer with a partkJly filed, segmented primary aperture in which the segments are all
conjugate with a conmwm mnd=y  -r, ad@ ~~ am cO~m~ in the i~m Pl~e+ ~ 24 P-
mirror wgments  are organized into 4 sepwate  arms arranged  in a Milk Cross gimnehy shown  in Figure  2a. The
maximum baseline of the inetiefit’s aperture i$

{al (b)
Figure 2. Geom&y  of the LASII primary subaperhtres  showing {a) arrangement of the 24 subapertur~  and (W

spacing and curvature of the primary mirror surtaee.
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in order to cqxmte eifertiwly  in the W-to-visible band, the uptical pathlcngth differwww  from each of the
wb.aprturea  must b controkd fo th~ order of’ M 10. Previous studies have suggested that maintainhg
a]ignroeni  to such a tight Werarwe  without active ccmml of the optics  is very difficult indeed, as small
temperature vanatknw over the stm.wture cm induce dim~nsiorwl  change on the order of or larger thwt the
ima#ng  wavehmgth. F%rtherrrmra,  a large optical structure hinds to have a low resonance frequency, and is
therefwe  euwaptiblo  to wuctuwl di.s.kbsnces excited by momentwn wheels and other mechanical ndse
mw’cea

Reco@in&  tk difficultie~ in maintaining tight  structural  tolmanm?% LAW will ernploy a laser metrchgy
system to control the alignment of its sub-aperturw.  Optical  pa& hmgfh differences between different mirror
~-mm will k mcmsurcd  by ml ctctive laser m~oloW ays’wrn to stabilize  the optical path lengths dtig the
integration period. I?urrkrmcwe,  vibration  imlation and drueturd  damping tPdUIOIO@S  wHI be applied to
decouple the teleae~pe structure from the distmknce inputs originat-in~  cm the spamc-taft.  Given the rewrit
advances in active structure dampirtg,  vibration isolatio%  preekicm laser rrwtmhgy,  integrated modeling and
stable,  lightweight structural material  te&nologie9,  we believe that the first rnkwion to demonstrate
tnterfemmekrk Inw@ng  can fit within the acqx  of tm IntemWfiak?  mk.km.

The tinimum  UWll tck$Wpt desigri provides ti 9.0 arc= full field CA view. The bmclinc optim! deci~  ie a
simple two-mirror lWclwy-Chr@ten  telescope armrtgement  with a pw’tially filled primary minor  aperture,
in order to effectively deconvolve  the tnmges from the telescopv  @nt spreod function  (I%F), the central  fringe
of the tek%ccqw  P5F should be greater thWI  or equal to $ pixels wide on the fowl pkw. For a 204tk204S  CCD
witk !@n pixels,  W? resulting focal len#@. requknent  for LAW is 1,1,25 meters,  or a f/75 design,

Because of the cost consideration imposed by the ddre  to fit Wlhin  tie =qx of rm k~fiiate-dag~  rnbeiom
the LASH optical design is constrained by the launch confqyattcm  and must fit into a Atlas II ftiiring. This
imposes a stringent demand on the primary-secondary 5pacin&  of the telescope, ad lends b a fast primary
mirror  ctesi  ,

f
The proposed basdinc configuraticm of the LASII optical system is show-n in Figure 2b. Tlw

primary co ectirlg apertw=  consists  of twenty-iour 0.3 meter subapertures arrimgwl in a cross with each cum of
the crow Contining six sub-apertures to provide light collecting  powr comparable to that of the Hubble Space
Telescope  0-lS’11  Each segment  of the primary cokting surface  is tin @f-a.x.ls section of a master parabola
centered on the axis of be cross.  The prirnq surface has a focal ratio of f/0,5, wMch resulttd  h a primmy-
secondq spacing of 7.46 meters. The sctcmdary mirror is a short fecal length hyperbola that is also centmect  on
the axh of the cross. The spacing between the wbqwrture+s varies to provide good s@al !ireqtt?ncy  coverage,
with those nmr the outside end of the arm being the closest together. A three mirror design was also briefly
wuwidermi. ‘I’M desiH-I perkmm weIl over a much larger field of view and is {.orrected  for fItWl curvarure  and
coma, The possibility of using a three  or fm.u’ mirror dmi~ will ke reviskd in order to obtain a larger field of
view.

The telescqw, as designed, has an rrns wavrfrcmt error of about 0025 waves at 200 rim. In ordw to achieve
diffraction-limited imagin~ the optical  path length difft?t’e~ between  subqwrtums  must be ccmtmkxl  to
withins  small fraction of the wavelength, TO achieve a Weld of 0,8, nns path length difference better than
9% of the wavelength (this is equal w 13 nm for 150 nrn imaging wavelm@.h) must be achieved. Additionally,
the radius of txrvdure  fbr each of the s~baperturw needs to be controkd to within 300 run to achieve the
dasircd optkd ~[O~@.

The otringemt  demand cm tho r-mmuhwturing  and control  of the optical structure, although formidable, k
achievable with only moderak tedmolo~  dweloprnent  Electron beam figuring has been used to figure the 1.5
meter pane% ior Keck with lew than 40 nan.ometms  of figure error {including radiu. of curvature). With only
moderate  development, thk @&nology  can be HSS t~ figure the primary mirror wr~apcrhues.
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mr,ductivi~ for soiar  energy from  the surface down to the rnaill structure. The E&W radiation input can be
further eontrollocl  by an observation  strategy  which rnifiifi~  changes of the solar radiation angle of
incidenee. Additionally, a sun shade can be deployed to preve~it  direct sunlight from hitting the secondary
mast. This not only eliminatw  the pmbletn of differential thermal expansicm due to shadows cast by the
pfi~ arm% lmt b k~pa stray mfl!ght out of the optics.

.,
. ..’

.{ .-,
:
{.

‘i.;,,

Figure 4. lkployd  cmfiguratkm  Of the LAW structIIML 31w four trmses forming  the Mills Cross,  the h red
Emast supporting the seccmd~ and laser metrology blocks and the qxmxMt  bus - shown Wh solid ‘ W.

The sun shade i% shown with dotted lines. The hatched areas are SW amays  on the badtside of the sun shade.

other wwrce~  of quasi-static d~formticm  include gm~~ty  gradients, aerodynamic drag and photon pressure cm
the $trueture. The effw-t of these sources has not yet been analyzed in detail, but it is expected that the
nwgnitudo of b distortion wfll b small  compared to thermally induced distortions.

Most of our study effort  to date has concentrated Qn the design of the main telescope and the mission concept.
wwcver,  an kwtrument  A* LASIT’S wdution,  COWC6W w= and spechal covenge will need a mmpetertt
set of focal plmw instrument. We anticipate that this tilI include a filter wheel-camera instrument and a
W/visible spcxtrogmph.  T&se I‘rmtrurnente  could be rncmnt=xi  cm ftn instmmcnt  turret wkm? axis of rotation is
parallel to, but ckfset ti the optical axis of the telewop. An IR camera and an Ii? spectrograph would need
to be included tf the interfemmder  wavckngth  range is extendd.

Tne ftltw wheel ad camera  would perform imaging obw’vations. An array of interference filters, covering
wavelength bands from 115 nm to the ti9ibleAWwdd  be mmmted  in * wh=l  for .wk&on. Depend@ on tk .?
sensitivity of detectors available at the techri610gy  cutoff date,  one or XTXWe  and arrays woutd capture the
filtered images. We would expect  to lx usktg 2M8x20W  arrays,  or larger,  to span the 3.0 arc WC, or larger, field.

The main spectrograph wDLdcl cmwist of a cmmnon prefilter  wheel, alit, ehutter and rotating gratin& and as
many detectom as neeewary  to span the far U%’ to the vkihk. Agairv the deketor  complement would irwluda
the most appropriate array sensors avoilable,  whether they be CCDS,  enhanced CCDs or wme otlwr type of
device.

3,S Control and Guidanw System

The LAW instmmwnt  will require .-a& @dance and optical control subsystems to provide fine guidrmce
and optical  path length stfibi~ization duritig ob~rving.
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IX-go degradation can red from either the rigid body motion of the spacwmaft  w’ h d~atic  deformation of
the instrument. Over the expected Mqpticm  time, the CIrlft of the irnqy on the focal plaw  should be 1PM
than I&% of the diffratti~n-limitti  point spread. For LASXI, this t=mlate~ ~~ ~ ~ wad  win~ng  stabifi~
rfq.kment  over the 1,000 to 1 O,U10s integration time. This predsion  pointing contm! i9 achieved  with a set of
guide star tracking tel~ and a mactiori wheel  assembly. Furthermore, in order  to obtain nem diffrwtio#-
h&2d images, inclili(iual  mirrors must be phased to maintain the opUCM path length d.iffermw to k/lCl. For
LASD, this stringent demand cm the iristrurnerrt  control is met by a combination Of zwttve  structure isolation and
precision laser metrology.

3.5.1  sf7uLWr(zl  l?cjlm.dion Co?ifl’d

Cnmparwd to the structural  di~ortiorr  generated by thermal changes or mechanical creep, the  distortion
genmatect by dynamic distirbanmw  is typically of higher freqfxmy. ThL’ principal NM’CW Of Uyl’taWc
diatwb.ante, when thrusters are not in tree, are the reaction wheels. The actual disturbance speetrum  ctmslsts  of a
broadband IXVW spectrum and a series of narrowbard spikes, the frequtmcies of which  are at the primary
Etructura\ msonanm frequencies. previous  studies of kr~ spaceborne optical interfermrtetew  such as 031 and
PO13J’N  indicated that uncompensated reaction  wheel motion till impart micron-level disturbance spfkes
when rndtiplw of tha wheel sped agreed with structural msortanee$.  The HST reaction wheels operating at
their normal qmiack wem assumed. In order to obtain near-diffraction-limited images, disturbances rrkust be
redumd  to about a tenth of the  Wavelength.

The above requirement will be met for LAW by a mmbination  of three approaches. In an earlier imaging
mttwkrometer  study at JPL,7~ the reaeticm wheels  were assumed to run at low rates and the r~ting structural
vibratium were  considerably lower. if LA!Yl is flow-n in a 900 km circular orbit, gravity gradient torques which
lead to cumulative  spin-up of k whwk can b rnintil by making the moments  of inertia perpendicular to
the Dptical  axis nearly  the same, md by equalizing the timEs spent in the thm different azimuth orientations.
Seccmdly, Field Ernissiolt  Electric Pmpukm  Cf?fiXl+  thrwkrs, which are kwing developed by ISA, would be
used to cwtml  the intdwonwter  cmientaticm  dining observations, so that the wA”l speeds  can b kept away
from resonances. fk.h thruwm have htgh spmMtc  impulse at low thrust, am! are expected to have long
lifetimes.

The third approach for LA@H WCJLM  employ vibmtim  isolatill tach.niques  to CLNWO1  the vibration indmxl by
the ri?acthm  wheel asswIMes, or by CUIY otk m-board  WWIMIICO  SW-L A n- Of tilatir dAgns were
cwx+dered, and a combined acttve/pawivt  soft mount wag baeelined  for the iadatm design. The combined
active/pas5ive  -xXI moum allows for impmwd  iwhtimi pcffo~~  mq-d @ a pu~Y’  p~ve ,*H ~~~t,
The mount  corwissts of a passive soft mount  and an active m%uator which k slaved to a form wm%or  mcmnted near
the quiet destination. The pasve  soft mount can bc developed with a corner frWU=WY  as Mgh as 20 Hz to
prcwide th~ stiffness  neceawry  to limtt the amount of travel and to {poraibly)  ehninate  the need for a complex
Iateh mechanism cMring  launch. AcUve feedback basal cm the force sensor output  is then US-A  to reduce the
effective  force load on the quiet structure. An effective  i301ator  comer  frequcfiq  m low a6 0.2 H2 an be
achieved with active feedback. ~ k.olatton  stage provides, in &kct,  e low paw filtering of the momentum
wheel ciisturbrmce,  and a lower corner frequency perrnfts  a more efktive damping of higher frequency
d!.sturbances.

For optical system distortions at kwvcr frequencies, wmh as those gmerat~  by clM~@ng thermal gradients, tho
nw.trology  system measures  the tip, tilt and thrtw Wmslatlon  modes  of each mirror segment.  T’l& is
accomplished using two metrology  control bhc~ located on the secondary boom.  ‘f’he locations of the control
blocks  are dhrstratecl  in Egut’e  5. Fcwr retroreilectms  mounW on each mirror segment permit meamrernente  of
tip, tilt and disp~acement  motions from &ach control block with some redundancy. ‘f’lw metrology launcher
located near the secondary mirror  can be thought of as meamrin~  the distames between individual mirror
segments  and the seco+a~  mirror. A second control block  located orr the secon@y boom new the primary
mirror measures  essentially the radial distance.  changes. Meam.wemerd  between the control blocks  and the
secondary are also required. Metrology  beams from iaunchws  k.mtect  on the serondary mast are insenddve  to
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rotation mound the te]mcope  axis, Fortunately, the performance of the telescope is irwerwitk  to this
rotational  motion, and therefore  the rmn-ob$ervwl  mock? has little  im~act  cm the controllable modes.

\

MurIx

Metrubgy

/
LWtlCttWS

/

?< ~.d.w
Matrdogy
Beams

Figure 5. Lowtion of the metrology lm.mchers

In general, each rnetToIogy beam launcher (optical  head)  measures  the di@wenlent  of the target
retmrefkctor  rela$Jve tQ a referenw  KAroreflector.  To tit’ all of tht’ metrology gauges to a Cmnmon referenee,  k“
beam launchers will be mounted on a common, dimemkmally stabl~ block Ninety-six beams from each  block
will be requimci  to provide metrology  to the 24 science qwtums Mated on the arms of the telmcqx.
Additionally, a tmmbw of rmtrology  beam wilt be rquired to stabihze the position of the guide  telescopes.

A flight qualified implenmtation  of the md’mlcgy system will be made possible by advances in frequency
stabtized lasers, fiber optics, nmduhttors  and inte ated oPtics  technologies. The use of fiber optic components

Yfiplifies  alignment and increases reliability, Po arizaticm  maintaining fibers and star coup~ers can be used to
distribute the laser light  from a single wurce to multiple launchers. Recent  advances in moderate power (300
mW) single-longitmiinai-mode  Nd:YAG lasers have made it poss~%le  to feed a l~e mqnber of the metrology
beams from a single  laser.  ‘I’his eliminates the ntEd to frequency-lock multiple  metrology lasers and hence
considerably simplifies the system design. Different modulation frequencies cm be wd for difkmrd beams to
avoid moss-talk- The lawr freqwmy stability requirement to achieve nanometer-level measttmment  accuracy
over  a path length of 7 m iS approximately 30 ki%i Ibwer, a given frzzctimwd  change in all of the optical
metrology paths would not distort the optical Wsiem  to first order. An external cavity will h used to stabiiiw
the laser to the desired frequency stability.

3.5.2 Tekscqk?  Pointing Wabilization

‘f’ho LKJI  tcdescm~ pointing must be stable to.within a few nanoradians such that image  bhwrin~ rmdting
from pointing is small tmmpared  to the width of the point spread.  The required absolute  pointing accuracy, cm
the other hand, is considerably less s.trixqymi  as wc only need to position the objed  within the field  of view of
the r.eience  aper rme. ~ aklute  pointi~  a.wuracy  CI1 500-1000 mad is adequate for a science  field of 3.0 arcsee+

Because of the long focaf length of the imaging optics and the offset =L@YS of 5 or 10° neeJed to locate  guide
stors of tmfficicnt  bri~htmea, it ifi not fw~ibl~ w we the main apmtures for g--de star tracking. Mead,
separate guide interferometers or telwwqws  are wed to provide fino stifig for LAW dnring imagi~  SeVed
concepts for guide dar trackng have km mdmtcd, ~clud.in6 the um of two white light i.ntwfwmneters  with
three a~titire each.  to accurately control the main interferom~ter  orientation- Delay lines ix, the guide
interferometers would not need to move daaAng observations. Another guiding  eon~pt employs two separate
tek)mpm  mounted on the arms of the interfermneterr Thew  guide teleampes  wovld bc of simple Cawe@n
design with OS meter aperture- Eitlw  type of guiding sysfem ean be desi~ad  with 1-2 mm guiding knowledge.
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One critical ix$pM Of the Wide slim tracking  cmwpt is the relative  Agtimemi  between the science apwtures
and the guiding system. This reiative  aligrm@nt  wIU be mew=d  and wmtrdlcd  using the aanw la=
metrology system used to maintain active di.grummt between incttvidual sub-apem-m-w.

4, Launch Vehic.k, Depioym.cnt and Operations

‘Ilw LASH spacecraft M designwi  around three rmjor components, the scknce payhmd,  the bus and the launch
vehick adapter. ‘I’he w@r@entlg  subsystems w%? mpp’ted  by a bus structure located  at the lower end of he
optical tek~~~, R is less than 1 m high and has a total (n&Me  diameter of no more than 2 meters. The
spacww+ft/launch  vehicle adapter supports the syacmraft cm the Atlas If Lmmch vehicle, The mass of the
spacecraft  is estimated ici be approxhnately  2300 kg, including appmxi  matdly  1300 kg for the mass of the
optical telesrope.

41LWM&Le.hi&

An Atlas 11 is baselined  for the LASI.I launch. The chrke of the launch vehicle  is dictated by the dhnension  of
the launch fairin& lift rapacity, and cost A larger launch vehicle such as a Titan IV has large  enough fah’ing
and lift capacity, but would cost too much. (h the othc~  hand,  smaller launch vehicles such as Delta II and
mti 11 him fakings that ac too small and lack the lift capaaty to math a sun synchronous, or hfgher, orbit.

‘fie A(la~ lamch vehicle can have a large launch fairing (13.75 ft outer diameter and 40.1 ft length).  A
dynmnic  e~~veicpc  of 9-5 rnote~ Iomg and 3.I5 meters wide h aufficicrd for the pmpmed LA91 launch configuration
shown in Pigure 6. The iow arm of the interferometer, the solar army pm% and the sun shade are folded
%ahMt the semndmy  mast  and wxwred  during launch, Atlas II afso provides more than adeqwte liff capady,
apptimd+  4300 kg to a 900 km ram-synchmnom mbit Mth approximately a 1500  kg margin), and probably
adequate lift capacity for R high Earth orbk m for .ml&r  orbit,

MN? VIEW lw VI!M
Figwe 6. LASU launch confi~re60n.

4,2 DeDloy@nt Coxlcq

Upon reaching the desired orbit, tk depkyrnent .sqww fo~ LAklI  is very  d@#ownd. First the launch
Shroud and the retainer ring will he jettlwnfxl,  Sprtng  loaded brmr a wilf then unfcdd and lock inta pkic@.
Worm drive actuators can be wed to assist joint 5U’atg~terung  if necm.w~, U9ing amatol’~,  ~ ~fi= pn~ me
expanded along the axis  to preload  tru$s arms and put bmc= tier  mmqx-mien. b% @m kxdtrig of the bran%
could be rmintahwd by the worm drive acfuators.
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The solar panels will be ckployd USing a similar cxmcepl. ‘f’hey are rdated 90 ciegrees in a stowed
con@ratkm, m is shown in Figure  !5. The panel-s  will be rotated  aiter  unfurlhg and kked into the deployd
position. TIW sun shade  is attached  to both the interferometer ams  and thu solar  prowls and fo~ded accordion
style. It will simpIy extend during the deplqmfint  phme, Tiw deployment of LASII is shown in Figure  7.

A n n
~ !fl;w”’’d~=~ ,~,,:,,,,~

(a] (b) {c)
Figure 7. Deployneni sequenm of LAW (a) Jettison launch shroud and retiner rin~ (b) unfokl sPting loaded

brace  ~ints, and [c) lock knee joints straight and prehxid the truss arms with worm drive actuatots to tin
cornprewicm presia.nv.

4+3.1 lnitid  tilignmtif

A&r dejdcymm! ad on-whit check out, the spacecraft  will undergo an initial  aligrunent  phme.  ‘X’he pqosc
of this pk~+  ig to achieve  rckkve pkwing for itiividual  sub-a~riure  mkr~rs  and tO calibrate  the laser
metrology Gy8tem for powible  Mkt errors introduced during launch. ~twing this phase the segments of the
primary  mirror w-ii-t  k phased dative to each other USiM  the following stew

1. Firak, the telweope  WW b Awed to position a bright, urmxoIved  guide  star within the science  field  of
view.

2. The =~mcnt$ are then co+pcf by adjusting  ~mm in a spiral patterm  mte+y*ne,  uzltil  the signal i$ cO-
aligned. me proper actuator  cofimmmde  are mmembwd so that OWY win be tikl away to remove the light
from the cietector  and later tilkxl  back.

& With all the segments but cme tilted  away, and that one aligned, the piston mode for that segment is
adjusted to maximize the signal  inw~ity  {focas  adju.atmat).

4, LTting one of thP segments  as a refermce,  tht xgments  are then pair-wiw  aligned and phased until the best
alignment is achieved.

5. The ktst and final stage Of alignment  will h conducted miqj focal plane dharponim$  algmithnw. A
simulated annealing algoritlun has been suecewhdly  applied to sharpen images, and the error in the conic
constant of the Hubble $@ce Tek%cope was successfully estimittcd using this approach.

6. Once initial co-phasing is reached us~g  guide stars, the relative position of the aegmwnti witf tM rneasmwd
by the laser metrology syst~m The meawred distances will then be used to cmrect  for wtbsequcmt motions.

4,3,2 h4uhwz.ante aligmient

Maintenance realignment will be coraductml  p@c~didly  to cnsw pxQper  phagin.g of the target. It is
envisioned that the teles.xp?  will undergo reN@unent by observmh @f t~right siclb chjecb  aa tu=csssq.
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4,3<3 obseruing

During the opcrdion,  the teles.qw  will observe within at least a 45 degree CXMW from me anti-sun  point The
cone  angle  can be increased in order to obtain  mc,re complete sky mverage  by adding an additional sun shield in
one quadrant of the interferometer. It is anticipated that three separute looks  at hwgets w+xwated by 30
degrm rotation around the telescope axis wilI k+? taken.  WI* inmgr.atiun  #As ~f l@O to 10~  c per look
this will  permit hnaging of djwts  dimmer than 25UY rnagn.!rude. Tlte okervatian data will be stord cmboard
the solid state recorder as part of the Command and Data  Subsystem. me data ~i)l then be dowrtliti  usins
tk 26 meter net of the  Deep Space  Network.
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